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ABSTRACT.
Purpose: We report the epidemiology, findings, treatment, long-term outcome
and use of resources for eye injuries caused by toy guns in southern Finland.
Methods: All new patients injured by toy guns in one year (2011–2012) and
treated at Helsinki University Eye Hospital were included. Follow-ups occurred
at 3 months and 5 years.
Results: Toy guns caused 15 eye traumas (1% of all eye traumas). Most patients
were male (n = 14) and children aged under 16 years (n = 13). Toy guns
involved were airsoft guns (n = 12), pea shooters (n = 2) and paintball (n = 1).
Eleven patients did not use protective eyewear, and four patients discontinued
their use during the game. Seven patients were not active participants in the
game. Blunt ocular trauma was the primary diagnosis in 13 patients and corneal
abrasion in two. Seven patients had retinal findings. In the 5-year follow-up,
eight of 15 patients had abnormal ocular findings: three had artificial intraocular
lens, two iridodialysis, and one each retinal plomb, mydriasis or iris tear. None
had glaucoma. Seven patients had permanent subjective impairment due to pain,
lowered visual acuity, blur or difficulty in focusing. Four patients needed seven
operations. The number of outpatient visits was 90. One patient required
hospitalization.
Conclusion: Toy guns cause serious eye traumas. No glaucoma was found.
Proper use of toy guns and protective eyewear during the whole game should be
emphasized to both players and bystanders. We recommend that in Finland the
selling of airsoft guns be placed under the Firearms Act to make the hazards of
airsoft guns known.
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Introduction
Toy guns are popular toys in children’s
play, likewise paintballs in adults’
leisure time. Airsoft guns, also called
pellet toy guns, resemble real guns in
appearance and shoot 6 mm plastic
pellets. Paintball pellets are larger, 17–
18 mm spherical balls containing liquid
(Nemet et al. 2016). Both can reach a
velocity of up to 110 m/s (Duma et al.
2006; Kennedy et al. 2008). Pea shoot-
ers are often self-made. Without proper
protective eyewear, toy guns pose a
danger to eyesight due to their extreme
energy.
A hit from a pellet typically causes
blunt ocular trauma. Initial findings
are often corneal erosion and oedema,
bleeding in anterior chamber, vitreous,
and retina, traumatic cataract, retinal
commotion along with retinal and
irideal tear and changes in intraocular
pressure (IOP) (Fleischhauer et al.
1999; Saunte & Saunte 2006; Ram-
stead et al. 2008; Kratz et al. 2010;
Jovanovic et al. 2012; Haavisto et al.
2017). Globe ruptures have been
reported from paintballs and also a
few cases from airsoft guns (Greven &
Bashinsky 2006; Adyanthaya et al.
2012; Jovanovic et al. 2012; Nemet
et al. 2016). Optic neuropathies have
also arisen from paintballs (Thach
et al. 1999). Traumatic glaucoma may
present even years after a blunt ocular
trauma (Kaufman & Tolpin 1974;
Girkin et al. 2005; Ozer et al. 2007;
Lee et al. 2017).
The incidence of toy gun eye
injuries has been reported to be 0.3 eye
injuries/100 000 population in Den-
mark (Saunte & Saunte 2006) and 2.5/
100 000 in Israel (Kratz et al. 2010). In
Hong Kong, 12% of all eye-injured
paediatric patients were harmed by toy
guns (Poon et al. 1998). Toy guns cause
notable morbidity due to the lifelong
risk for glaucoma for injured parties.
The few studies of toy gun eye
accidents are often case reports or
retrospective studies (Fleischhauer
et al. 1999; Ramstead et al. 2008;
Adyanthaya et al. 2012; Nemet et al.
2016), the follow-up is short (Saunte &
Saunte 2006), and airsoft guns are not
distinguished from other types of air
guns (Lee & Fredrick 2015). To our
knowledge, there are no long-term
follow-up studies of toy gun-injured
patients.
The aim of this study was to present
the epidemiology, findings, treatment,
long-term outcome and use of
resources for eye injuries caused by




Patients injured by projectile toy guns
were identified in the Helsinki Eye
Trauma Study, which comprehends
all new eye trauma patients taken into
care at the Emergency Clinic of Hel-
sinki University Eye Hospital (HUEH)
during a one-year period between May
1, 2011 and April 30, 2012. The HUEH
is a tertiary and secondary eye care
hospital, with a population base of
1.5 million.
Patients with eye injuries were
prospectively identified in the emer-
gency clinic. They were given a ques-
tionnaire about the trauma-causing
event and circumstances. In the
absence of the questionnaire, the infor-
mation was gathered from hospital
records. In addition, to identify all
patients with eye injury, the hospital
records were accessed and diagnoses
indicating eye injury were verified
directly or indirectly by ICD-10 diag-
noses. Age, gender, laterality, possible
amblyopia, detailed status findings at
first visit, diagnoses and treatments
were recorded from hospital records.
Eye traumas were divided into five
primary diagnosis groups: blunt ocular
trauma (BOT), wound in eyelid or
periorbital area, orbital fracture, open
globe trauma (OGT) and mild superfi-
cial trauma in the eye or periorbital
area. Possible secondary and tertiary
diagnoses were recorded. In case of
binocular eye injury, the more seriously
injured eye was observed.
In the first phase, three months after
the trauma, visual acuity (VA), intraoc-
ular pressure (IOP) and clinically sig-
nificant ocular findings were recorded.
The need for lifelong follow-up and
permanent disability were estimated,
and the number of surgical procedures
was recorded.
In the second phase, 5–6 years after
the trauma, the patients were invited to
a thorough eye examination including
best corrected visual acuity (BCVA),
IOP (ICare and Goldmann applana-
tion tonometry), gonioscopy, slit lamp
biomicroscopy and dilated fund exam-
ination. All patients underwent visual
field (VF) examination by Octopus
G dynamic program (Haag-Streit
AG, Bern, Switzerland) or Goldmann
in case of lack of co-operation.
Peripapillary nerve fibre layer (NFL)
thickness was measured using optical
coherence tomography (OCT)
(Heidelberg Engineering, Heidelberg,
Germany). Stereo disc photographs
and fundus NFL photographs were
taken. In case of lack of co-operation,
IOP was measured with Icare (Icare
TAOi, Icare Finland Oy, Vantaa,
Finland). Two patients were lost to
follow-up. One of them was inter-
viewed by telephone.
Resource use was estimated by the
number of outpatient visits, duration
of hospitalization and medication,
number of operations performed, and
need for sick leave or activity restric-
tion. If the sick leave or sports restric-
tion was not recorded, their need was
estimated based on clinical findings and
international recommendations (Rec-
chia et al. 2002; Walton et al. 2002;
Tsai et al. 2011; Gerstenblith & Rabi-
nowitz 2012).
Injuries were classified by the
Birmingham Eye Trauma Terminol-
ogy System (BETTS) (Kuhn et al.
2004).Year was divided into four
seasons: spring (March, April, May),
summer (June, July, August), autumn
(September, October, November)
and winter (December, January,
February).
The epidemiological data were anal-
ysed, distribution represented, and per-
centages calculated from the reported
results.
The study protocol was approved by
the Ethics Committee of the Helsinki-
Uusimaa Hospital district and fol-




Fifteen eye injuries, 1% of all eye
injuries (n = 1151), were caused by
a toy gun over a one-year period.
The annual incidence was 1.0 eye
injuries/100 000 population taking
into account all toy guns, 1.9/100 000
in males (0.1/100 000 in females).
Taking into account only all airsoft
guns the incidence was 0.8/100 000.
Patients’ age range was from 3 to
47 years (mean 14.7 years), with a
male predominance of 93% (14/15).
The majority of injuries (n = 9) took
place during primary school age (7–
12 years) (Fig. 1). Nine traumas were
in the right and six in the left eye.
There were no binocular traumas and
none was in an amblyopic eye. No one
had a second eye injury during the
follow-up.
Twelve traumas were caused by an
airsoft gun, two by a pea shooter and
one by a paintball. The location of the
hit is seen in Table 1. The main diag-
nosis was blunt ocular trauma in 13
patients (87%) and mild superficial
trauma in two patients (13%). Accord-
ing to BETTS, all traumas were closed.
Most of the accidents occurred in
the summer (n = 7), less in the autumn
(n = 4), winter (n = 3) or spring
(n = 1). Four accidents took place
inside a house, ten outdoors, four of
which occurred in a private courtyard.
Information was lacking for one
patient. Seven patients were playing a
game during the accident, five were
handling a toy gun outside an active
game, two were bystanders and in one
case the circumstances were unknown.
Protective eyewear was used by four
(27%) of 15 patients, all during a game.
The accident took place when the game
ended (n = 2), while cleaning the
glasses (n = 1) or when wrong-sized
glasses had fallen (n = 1).
First visit and 3-month follow-up
Significant status findings initially and
after 5 years are seen in Table 1.
At first visit, eight patients had VA
less than 0.5 Snellen equivalent. One
could not be defined because of young
age. Three patients needed medication
for elevated IOP for 2–6 weeks. Med-
ication was started 0–21 days after the
accident. The most significant findings
were as follows: macroscopic or
microscopic hyphema (n = 13), irideal
trauma (n = 2), traumatic cataract
(n = 1) and posterior findings (n = 7).
At the end of the 3-month follow-up,
one patient was operated on for retinal
tear and three for traumatic cataract.
One patient had rebleeding 2 months
after the accident and was treated with
tranexamic acid. Four patients had VA
0.4 Snellen equivalent or less, and all
had normal IOP. Thirteen patients
were estimated to need a lifelong
follow-up due to elevated risk for
glaucoma after BOT. Five patients
were estimated to have a permanent
disability due to iridodialysis and glare
(n = 2), lowered VA (n = 2), or lack of
accommodation in young age because
of an IOL (intraocular lens) (n = 1).
No other operations were estimated to





At the 5-year follow-up, 8/13 patients
had abnormal findings; seven were
injured by an airsoft gun and one by
a paintball. Pea shooters did not cause
subjective impairment or abnormal
findings, although one case was lost
to follow-up.
BCVA was normal (0.9–1.5) in
all but one patient who was
injured by an airsoft gun and had
only light perception without clinical
explanation.
Of patients injured by airsoft guns,
7/12 (58%) had abnormal findings,
including iridodialysis or torn iris
(n = 3), IOL (n = 3), pigment in vitre-
ous (n = 2), posterior capsular opacity
(PCO) (n = 2), retinal plomb (n = 1) or
mydriasis (n = 1).
The only paintball-injured patient
had diffuse tearing in the iris stroma.
Glaucoma was not diagnosed in any
patient, and IOP was normal
(<22 mmHg) in all patients. Four
patients had a few relatively nonglau-
comatous depressions in Octopus VF
testing. One patient had abnormal
findings in Goldmann VF testing (sus-
pected malingering); however, no dif-
ference was present in optic disc
cupping between the injured and the
healthy eye. Peripapillary NFL thick-
ness was normal in all patients, and no
defects were seen in NFL photographs.
Subjective impairment
Subjective impairment was reported by
seven patients (47%), six of whom were
injured by airsoft guns. Airsoft trauma
caused pain (n = 4), blurred vision




















Fig. 1. Distribution of eye injuries and type of toy gun causing injury in different age groups.
Table 1. Significant status findings at first visit and in the 5-year follow-up. Patient number 5 was interviewed by telephone.
Age
BCVA First visit 5-year-follow-up










1 11 0.1 1.1 17 BOT Cornea Iridodialysis – Yes Iridodialysis – –
2 9 0.63 1.4 14 Abrasion Cornea – – – – – –
3 10 0.7 1.1 9 BOT Cornea Macular oedema – – – – –
4* 3 NA 1.0 17 BOT Eyelid/
sclera
Retinal tear – Yes Retinal plomb Pain Yes
5 47 0.5 NA 14 BOT NA Berlin oedema – – NA Blur –
6 9 0.05 0.9 17 BOT Cornea – – – IOL, pigment in
vitreous
Pain Yes





8 9 CF 1.0 21 BOT Cornea Cataract Yes Yes IOL, PCO Blur Yes
9 14 CF 1.25 21 BOT Cornea – – – – – –
10 12 0.4 1.25 14 Abrasion Eyelid/
cornea
– – – – – –
11 11 0.4 1.1 22 BOT Cornea Berlin oedema Yes – IOL, sphincter
rupture
– Yes
12 21 0.1 LP 16 BOT Cornea Macular oedema,
vitreous bleeding




13 11 0.8 NA 32 BOT Limbus – Yes – NA NA –
14 8 1 1.5 12 BOT Eyelid – – – – – –
Paintball
15 32 0.6 1.0 18 BOT Eyelid Berlin oedema – – Tears in iris Focus –
BCVA = best corrected visual acuity; BOT = blunt ocular trauma; CF = counting fingers; Dg = main diagnosis; IOL = intraocular lens;
IOP = intraocular pressure; LP = light perception; NA = data not available; PCO = posterior capsule opacity; PD = estimated permanent




(n = 1). Pain was described in three
patients to be occasionally recurring,
lasting from a few seconds to up to three
days. In one patient, pain was more
severe and almost constant and along
with lowered VA and glare caused
impairment. The patient injured by a
paintball had difficulty in focusing.
Operations and use of resources
Altogether seven operations were per-
formed on four patients, all of whom
were injured by airsoft guns; the oper-
ations comprised three cataract surg-
eries (one additional cataract surgery
and PCO opening were needed after
the 3-month follow-up), one retinal
cryo-coagulation, one retinal plomb
insertion and two PCO removals.
Traumatic cataracts were operated on
1–7 months, retinal cryo-coagulation
4 weeks and retinal plomb insertion
11 weeks after the trauma. Posterior
capsular opacity (PCO) openings were
performed 3 and 11 weeks after
cataract surgeries. There were 90 out-
patient visits and one hospitalization
day.
Discussion
This is the first population-based
long-term follow-up study of toy
gun eye accidents in Finland
presenting the epidemiology, clinical
findings, diagnoses, treatments, out-
comes and resource use for toy gun
eye injuries.
Our study reveals that the majority
of toy gun accidents are serious. Ini-
tially, blunt ocular trauma was diag-
nosed in 13 (87%), posterior findings in
seven (47%), iridodialysis in two (15%)
and cataract in one patient (7%). At
the 5-year control, eight patients (62%)
had abnormal clinical findings: IOL in
three (20%), iridodialysis or irideal
tearing in four (27%), retinal plomb
in one (7%) and mydriasis in one (7%).
Subjective impairment was reported by
seven patients (54%). Altogether seven
operations were performed on four
patients.
A weakness of our study is the small
number of patients. However, almost
all patients (13/15, 87%) attended the
5-year re-examination.
The incidence of airsoft gun acci-
dents has been reported infrequently.
In our study, the incidence of 0.8/
100 000 patients is in accordance with
previous studies. In Israel, the
incidence of 2.5/100 000 (Kratz et al.
2010) is markedly higher than in our
study or in Denmark 0.3/100 000
(Saunte & Saunte 2006). According to
Kratz et al. (2010), in Israel airsoft
guns are purchased without any age
restriction, which may explain the
higher incidence. We also found that
toy guns comprised less (6%) of all
children’s eye accidents in Finland than
reported in Hong Kong (12%) (Poon
1998).
The mean age of airsoft and pea
shooter patients (13.5 years) was less
than that of the paintball patients
(32 years). In previous reports of air-
soft patients, the mean age has varied
from 9.8 years to 18 years (Fleis-
chhauer et al. 1999; Saunte & Saunte
2006; Ramstead et al.2008; Kratz et al.
2010). In the studies of Saunte &
Saunte (2006) and Fleischhauer et al.
(1999), the age, 13 years and
13.9 years, respectively, is similar to
ours. In paintball studies, the mean age
has been 16–22 years (Thach et al.
1999; Fineman et al. 2000; Greven &
Bashinsky 2006; Baath et al. 2007;
Nemet et al. 2016). Consequently, the
mean age in our study is consistent
with earlier reports, and airsoft guns
and pea shooters appear to be more
popular among younger people than
paintballs.
Airsoft guns produced similar clin-
ical findings here as in previous stud-
ies: posterior findings in 47% versus
12.5–55.6% and traumatic cataract in
23% versus 1.7–33.3% of patients
(Fleischhauer et al. 1999; Saunte &
Saunte 2006; Ramstead et al. 2008;
Kratz et al. 2010). The follow-up time
in earlier studies ranged from a mean
of 6.5 days (1–54 days) (Saunte &
Saunte 2006) to a mean of
8.8 months (0.5–24 months) (Fleis-
chhauer et al. 1999). The short fol-
low-up time may explain the low
incidence (3.0%) of traumatic catar-
acts found by Saunte & Saunte
(2006), although the lowest incidence
of 1.7% was reported by Kratz et al.
(2010) who had a follow-up of
7.6 months. It is noteworthy that in
our study all three cataract patients
were operated on when they were
aged under 12 years, therefore, lack-
ing normal accommodation.
Irideal trauma was found in 33% of
our patients, which is similar to trau-
matic mydriasis in 25–44% and iris
dialysis in 21% of patients in previous
studies (Fleischhauer et al. 1999; Ram-
stead et al. 2008; Saunte & Saunte
2008; Kratz et al. 2010; Staffieri et al.
2010).
Paintball eye accidents have yielded
several devastating findings, from
globe ruptures to optic neuropathies
(Thach et al. 1999; Greven & Bashin-
sky 2006; Nemet et al. 2016). Our
study included only one paintball-
injured patient who was diagnosed
with central retinal oedema and irideal
tear and had subsequent difficulty in
focusing.
Pea shooters induced two traumas.
One patient had BOT, hyphema and
elevated IOP; this patient was lost to
follow-up. Another patient had BOT
with normal IOP, and in the 5-year
follow-up the status was normal. We
found no previous studies concerning
pea shooters. However, it is meaningful
to note that even pea shooters can
produce severe eye trauma.
Interestingly, glaucoma was not
found in any of the patients despite
thorough examinations and a relatively
long follow-up. One patient diagnosed
with BOT, hyphema and elevated IOP
had a potential risk for glaucoma, but
was lost to follow-up. Altogether, 40%
(n = 6) of patients had either traumatic
cataract or injuries to the iris or both.
In the study of Sihota et al. (1995),
traumatic cataract, especially with iris
trauma, was associated with an
increased risk for glaucoma. In their
prospective review of 100 patients with
trauma-associated glaucoma, all
patients had two of the following:
traumatic cataract, angle recession
more than 180 degrees, significant iris
trauma or displacement of lens. Glau-
coma was diagnosed at 1 month to
over 20 years after the trauma. A long
follow-up is therefore needed since
glaucoma may present even decades
after the eye trauma.
With two exceptions, all patients
with abnormal clinical findings (five
of seven patients) had also subjective
impairment. This is two more than
estimated at 3 months after the acci-
dent. Four patients complained of
pain, which is unfortunate, particularly
in view of their young age. In one
patient, the pain was more intense and
presented together with distinctly low-
ered VA and glare. There was no
obvious reason for pain of any of the
patients. In one patient, impaired
focusing hindered the photography
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hobby. Blurry vision was described by
two patients: one (interviewed by tele-
phone) while bending and the other in
the temporal side of the visual field,
possibly due to PCO. Glare was
described by only one of five patients
with irideal trauma. We found no
earlier studies reporting subjective
impairment of toy gun-caused eye
injuries in long-term follow-up.
Although four patients (27%) in our
study used protective eyewear during the
game (three airsoft, one paintball), the
glasses had been abandoned at the time
of the accident becauseof discomfort; the
protective eyeglasses were described as
too big, dirty or misty. Similarly, Fine-
man et al. (2000) had noted that 60% of
patients harmed by a paintball had
initiallybeenwearingprotectiveeyewear,
but 86% had removed them; 33%
because of fogging and 17% because of
paint splatter. Compliance in using pro-
tective eyewear would increase if they
were more comfortable.
In our study, 53% (n = 8) of acci-
dents took place outside of organized
war games; two of the patients were
bystanders and in six cases a toy gun
had been used outside of an agreed
game. The toy gun had been used, for
instance, at home, believing that the
gun was not loaded when aimed at
someone. In the study of Greven &
Bashinsky (2006), 47% of paintball eye
injuries occurred outside official or
unofficial war games and included also
assaults. There were no assaults in our
study. The dangerousness of toy guns
outside games appears to be unrecog-
nized, leading to their irresponsible use.
In Finland, airsoft guns are classified
as airguns, but product marketing and
the safety of toy guns and protective
equipment are controlled by The Fin-
nish Safety and Chemical Agency. Sell-
ers are advised to inform buyers about
the regulations and hazards. If airsoft
gunswere to fall under theFirearmsAct,
their hazards might be better under-
stood. In arranged airsoft and paintball
games, specific protective eyewear is
obligatory (pks-airsoft.net). In Den-
mark, the law prohibits the use of pellet
toy guns by persons aged under 18 years
(Saunte & Saunte 2006).
Toy guns cause serious eye traumas,
although no glaucoma was found in
Finnish patients in the 5-year follow-up.
More attention should be paid to
improving the usability of protective
eyewear. Proper use of toy guns and
protective eyewear throughout the game
should be emphasized to both players
and bystanders. We recommend that in
Finland the selling of airsoft guns be
placed under the Firearms Act to make
the hazards of airsoft guns known.
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